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Twelve commercial sugarcane (Saccharum spp. hybrids) varieties were compared for both their ability to form white, 
embryogenic callus and their transformation potential. Of the 12 varieties investigated, NCo310, NCo376, NB, N12, 
N16, N18 and N20 produced large proportions of white, embryogenic (Type 3) callus in relation to total callus volume, 
especially when subcultured weekly on 1 mg 1'1 2,4-dichlorophenoxyacetic acid (2,4-D) for up to six weeks. Fortnightly 
subculture on 1 mg 1' 1 2,4-D and on variable levels of 2,4-D were less effective in Type 3 callus maintenance. 
Transformation potential of the white callus from seven varieties was assessed by bombarding callus with a plasmid 
containing the genes which encode two anthocyanin transcriptional activators (pDP687). Expression of the inserted 
genes was measured after 48 h. Of all the varieties, NCo31 0 produced higher proportions of white callus, showed the 
best transient anthocyanin gene expression, and subsequent plantlet regeneration occurred, indicating that this variety 
is suitable for further transformation studies. 
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Introduction 
Improvement of the agronomically important crop, sugarcane 
(Saccharum spp. hybrids), by traditional breeding methods 
requires approximately 12 to 14 years (Liu et al. 1984). Specific 
genetic changes can be introduced into plants over relatively 
shorter time intervals using gene transfer systems (reviewed by 
Lindsey & Jones 1990; Vasil 1990; Fisk & Dandekar 1993; 
McElroy & Brettell 1994). Little success had been obtained with 
stable transformation of sugarcane until embryogenic callus was 
bombarded with microprojectiles, resulting in transgenic plant-
lets (Bower & Birch 1992; Sun et al. 1993). Transient expression 
of reporter genes is a useful preliminary indicator of the suitabil-
ity of both tissue type and microprojectile bombardment parame-
ters (Gallo-Meagher & Irvine 1993; Gambley et al. 1993). 
Four distinct types of callus have been observed in sugarcane 
(Ho & Vasil 1983; Taylor et al. 1992), with Type 3, embryogenic 
callus appearing to be most suitable for transformation (Bower & 
Birch, I 992). The cells in this callus type are small, round and 
densely cytoplasmic (Ho & Vasil 1983; Taylor er al. I 992), 
resulting in callus that is compact and hard. This callus is yellow 
with smooth-surfaced globular structures that whiten on develop-
ment and is capable of regeneration into plantlets. 
Transformation of sugarcane using microprojectile-bombar-
ded embryogenic callus has been achieved, but only in a few 
varieties (Bower & Birch 1992; Franks & Birch 1991 ). The most 
critical parameter appears to be the ability of different varieties to 
produce embryonic callus (Bower & Birch 1992). Knowledge 
about the ability of sugarcane varieties to produce embryonic 
callus is limited to a study by Taylor et at. ( 1992) in which 18 
sugarcane varieties were used. However, this study only inclu-
ded one variety with potential use in South Africa. 
This article describes the ability of 12 commercial sugarcane 
varieties to form Type 3 callus as well as their abili ty to tran-
siently express inserted gene sequences. 
Materials and Methods 
Explant material and in vitro callus initiation. Callus was initiated 
from leaf roll tissue of mature, field-grown sugarcane varieties 
NCo3lO, NCo376, N8, Nll , Nl2, NJ6, NIB, N20, N21, N22, N23 
and N24. Surface contaminants were removed by rinsing the leaf roll 
in tap water, followed by swabbing with 70%(v/v) ethanol. The out-
ermost mature leaves were aseptically removed and the young, 
innermost leaves sliced into sections approximately 3 mm thick. 
Leaf sections were placed on to a solid callus-induction medium 
which consisted of MS basal medium (Murashige & Skoog 1962) 
supplemented with casein hydrolysate (1 g 1'1) , sucrose (30 g t·1), 
2,4·0 (3 mg 1'1) and agar gel (5 g 1' 1) (Sigma, St. Louis), pH 5.8. Cul-
tures were placed in the dark at 26 ± I oc and were transferred to 
fresh medium after four weeks. 
Maintenance of embryogenic callus. Embryogenic callus (Type 3; 
Figure lA) was identified by its white, nodular appearance, selec-
tively removed after six weeks' growth and subjected to the fo llow-
ing culturing regimes: (i) weekly subculture on medium containing 
I mg 1·1 2,4-D: (ii) fortnightly subculture on medium containing 
I mg 1·1 2,4-D; (iii) successive subculturing onto 5, 3, I, 3 and back 
on to 5 mg 1'1 2,4-D at two-weekly intervals (2,4-D cycling). At each 
subculture, calli were scored for the percentage of white callus occu-
pied by the total callus volume. Callus was visually assessed every 
two weeks using the following scoring system: + = 0-25%; ++ = 25-
50%; +++ = 50-75% and++++= 75-100% (Type 3 callus as a per-
centage of total callus volume). White embryogenic callus was 
placed onto fresh medium and given a score of 75-l00%. 
Plasmid co11struct. Plasmid pDP687 (Pioneer Hi-Bred International 
Inc.) is 9 kB in size and contains two anthocyanin transcriptional 
activators, R and C, each under the control of a double CaMV 35S 
promoter. The plasmid was maintained and grown in E. coli (JM83) 
and purified using a large-scale alkallne lysis method (Armitage et 
al. 1988). 
DNA precipitation onto tungsten particles. Thngsten particles (M 17; 
Bio-Rad Laboratories, CA) were sterilized with 70% (v/v) ethanol 
and resuspended in sterile distilled water. This suspension (25 1-fl; 
100 mg ml'1) was mixed with the plasmid DNA solution (20 1-fl; I J..lg 
l-fl'1). water (25 J..ll) and spermidine (10 JJI ; 0.1 M). The mixture was 
vortexed and placed on ice for 5 min before being centrifuged 
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briefly. The supernatant was removed and the coated particles were 
resuspended in ethanol [30 ).d; I 00% (v/v)]. The tungsten suspension 
was vortexed prior to each bombardment. 
Micmprojectile bombardment. The Particle Inflow Gun (PIG) (Finer 
eta/. 1992) is based on helium propulsion of particles in a vacuum 
chamber. The PIG was constructed locally and was used for all DNA 
deliveries in this study. Type 3, embryogenic callus pieces (2 g callus 
per bombardment) were placed on a grid in the vacuum chamber, 
6 em below the unit containing the DNA-coated tungsten particles. 
A layer of nylon mesh (200 )Jm2) was placed over the calli. For bom-
bardment, 2 !JI of the particle suspension was placed in the centre of 
a 1-mm metal screen in a disassembled 13-mm Swinny filter holder 
(Millipore, Germany). The filter unit was reassembled and screwed 
into an adaptor above the callus. The chamber was evacuated to a 
pressure of I 0 kPa and the particles were discharged when the 
helium (I 000 kPa) was released by a solenoid linked to a timer relay 
(0.05 s). 
Monitoring transient expression. Bombarded callus was placed on 
MS basal medium supplemented with sucrose (30 g J·1), casein 
hydrolysate (I g J·1), agar gel (5 g 1'1) (Sigma, StLouis) and 2,4-D 
(I mg J·1), pH 5.8, in the dark at 26 ± I °C. Transient expression of 
the anthocyanin gene was assessed 48 h after bombardment by enu-
meration of red foci. 
Regeneration of embryogenic callus. Type 3 callus was placed on to 
MS regeneration medium (without 2,4-D) in a 16-h light/8-h dark 
photoperiod at 26 ± I°C. Regeneration potential of callus was 
assessed by counting plantlets. 
Results and Discussion 
Effect of variety, subculture interval and 2,4-D on the 
development of white callus 
Varieties N 11 , N21, N22, N23 and N24 produced li ttle or no 
Type 3 embryogenic, white callus and were discarded. Prelimi-
nary results indicated that white callus maintenance was optimal 
on MS medium containing I mg 1·1 2,4-D. Formation of embryo-
genic callus (Figure lA) in response to the various treatments 
was monitored over an eight-week period. A decrease in the pro-
portion of white callus (i.e. when the rating decreased from the 
initial score of 75-100%) reflected a combination of both a 
reversion of Type 3 callus to non-embryogenic callus, and 
growth of new callus which is non-embryogenic. 
Of those cultures undergoing a weekly subculture interval, 
varieties NCo310, NCo376, Nl2, NJ6 and N20 produced the 
highest proportion of white callus after two weeks and little 
Table 1 Development of white, embryogenic Type 3 cal-
lus in seven sugarcane varieties: effect of subculture inter-
val and 2,4-D after six weeks. The proportion of 
embryogenic, white callus was rated on the following scale: 
+ = 0-25%; ++ = 25-50%; +++ = 50-75%; ++++ = 75-
100% (embryogenic callus as a percentage of total callus 
volume). (Scores presented are the mean of the ratings of 
three independant observers.) 
Subcultur- Variety 
ing regime N8 Nl 2 Nt6 NI8 N20 Nco376 NCo310 
Weekly ++ ++ +++ + +++ +++ ++++ 
Fortnightly + + ++ + + +++ ++++ 
2,4-D 
cycling + + + + + + ++ 
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change in any of the varieties occurred after a four-week period 
(Table 1 ). The callus produced by NCo31 0 received a score of 
75-100% for six successive weeks, indicating that new callus 
produced was Type 3, and that there was no reversion to non-
embryogenic forms. There was some reversion of the wltite cal-
lus to non-embryogenic callus after eight weeks in culture, indi-
cating that Type 3 callus produced for the purpose of particle 
bombardment should not be maintained in culture for long 
w 
Figure 1 sugarcane callus and transient gene expression. Scale bar 
= I mm. A. Type 3 callus (w) which consists of nodular, white 
embryogenic structures, interspersed with small regions of non-
embryogenic callus (n). B. Transient anthocyanin gene expression 
48 h after bombardment with plasmid pDP687. 
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periods of time. At four weeks, NI8 was given a rating of 75-
100% embryogenic callus. After two further weeks, there was a 
dramatic reduction in the proportion of white callus observed and 
this variety was given a rating of 0-25% embryogenic callus 
(fable I). The average increase in callus volume for all varietes 
over two weeks was approximately 50%. In the case ofN18, all 
new callus formed was non-embryogenic. In addition, half of the 
embryogenic callus reverted to non-embryogenic callus. 
With the exception of N18, callus of all the varieties produced 
during the weekly subculture interval was generally homo-
geneous and appeared suitable for transformation. Weekly sub-
culture is also employed in other laboratories to enrich for 'JYpe 3 
sugarcane callus (R. Birch, pers. commun.). 
Similar trends to those in the one-weekly subculture treatment 
were observed during the first four weeks of culture in the fort-
nightly subculture interval. However, after six weeks in culture, 
the proportion of white callus decreased from an initial rating of 
75- 100% in all varieties except NCo310 (fable I), indicating 
that two-weekly subculturing was not optimal for maintaining 
'JYpe 3 callus. At eight weeks, the proportion of 'JYpe 3 callus in 
relation to total callus was s till high for NCo310, and about 50% 
for varieties N16 and Nco376. 
The response to changing 2,4-D levels in culture was poor and 
ratings of below 50% white callus as a proportion of total callus 
were recorded after six weeks (Table 1 ). Over the eight-week 
culture period, there was a noticeable decline in the proportion of 
white, embryogenic callus in all varieties. 2,4-D cycling has been 
used effectively to maintain sugarcane callus during long-term 
culture (Chen et al. 1988), but in this study it was unsuccessful in 
embryogenic, white callus culture maintenance. 
Varietal differences in transient expression 
Unlike the GUS reporter-gene system, the use of plasmid 
pDP687 to monitor transient ex presion does not result in death of 
the tissue, and subsequent regeneration of microprojectile-
bombarded callus could be evaluated. Embryogenic callus from 
each variety was assessed for transient anthocyanin expression 
by counting red foci 48 h after bombardment with pDP687 (Fig-
ure I B). Highest transient anthocyanin expression was observed 
in varieties NCo310 and NCo376 (Figure 2). These had expres-
sion levels approximately three times greater than the next best 
variety, N8. N20, on the other hand, showed virtually no 
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Figure 2 Relative number of anthocyanin foci after microprojec-
tile bombardment in selected South African sugarcane varieties. For 
comparative purposes, foci are expressed as a percentage of the 
result observed in NCo31 0, where an average number of 850 foci per 
2 g callus per blast were recorded. (Values presented are the mean of 
three replicates. SD were larger tha 10% of the mean.) 
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Table 2 Total number of plantlets per g callus pro-
duced from bombarded and non-bombarded sugar-
cane calli. (Values are the mean of three replicates. SO 
were larger than 1 0% of the mean.) 
Plants from bombarded callus 
Albino plants 
Plants from non-bombarded callus 
Albino plants 
Number of plants per g callus 
NCo310 Nl8 
35 
17 
38 
2 
0 
0 
30 
0 
anthocyanin expression, indicating differences in gene expres-
sion or a varietal response to the DNA transfer procedure. 
Varietal differences in regeneration efficiency 
The number of plantlets produced per gram of embryogenic cal-
lus was recorded three months after callus was placed onto 
regeneration medium. Although regeneration of caJius from vari-
eties N8, Nl2, N16, N18, N20, NCo376 and NCo310 has been 
observed in our laboratory previously, in this experiment regen-
eration was observed only in N18 and NCo310. Previous studies 
in both our own and other laboratories (Chen et al. 1988; Taylor 
et al. 1992) found that callus maintained on I mg J·1 2,4-D regen-
erated well. The poor regeneration observed in this study may 
have been due to callus maintenance on 3 mg 1·1 2,4-D or to fre-
quent, highly selective subculturing and it is presently being 
investigated. 
NCo31 0 showed the highest incidence of plantlet production 
(38 plants per g callus), while 30 plants per g callus were 
observed in N18 (Table 2). Although rnicroprojectile bombard-
ment did not appear to affect regeneration potential in NCo31 0, 
where 35 plants per g callus were produced, in N18 there was no 
regeneration (fable 2). Albino plantlets were common in 
NCo310 but absent in N18. Half of the bombarded NCo31 0 
plantlets produced were albinos, compared to 6% albinos 
observed in non-bombarded callus. As albino plantlets have been 
recorded almost exclusively in regenerating long-term callus cul-
tures (Vasil 1990; Fitch & Moore 1993), the higher proportion of 
albino plantlets observed in bombarded callus after short culture 
periods in this study cannot be explained. Initially it was thought 
that DNA was being inserted into the portion of the genome that 
encodes pigment production. However, it seems unlikely that 
microprojectile bombardment could result in DNA integration in 
a specific area of the genome at such a high frequency. 
Conclusion 
In this study it was shown that weekly subculture of sugarcane 
explants on MS nutrient medium containing 1 mg 1·1 2,4-D pro-
duced consistently high proportions of'JYpe 3 callus compared to 
other treatments. This performance was maintained for a period 
of six weeks, after which time the proportion of white callus 
declined. Varieties NCo310 and NCo376 responded best to all 
callus culture treatments and transient expression studies, 
although NCo376 callus did not regenerate. The variety most 
suitable for use in further transformation studies is NCo31 0. 
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